Motivated by the R K and R K * anomalies from B decays, we extend the minimal supersymmetric model with a non-universal anomaly-free U (1) ′ gauge symmetry, coupling non-universally to the lepton sector as well as the quark sector. In particular, only the third generation quarks are charged under this U (1) ′ , which can easily evade the dilepton bound from the LHC searches. An extra singlet is introduced to break this U (1) ′ symmetry allowing for the µ-term to be generated dynamically. The relevant constraints of B s −B s mixing, D 0 −D 0 mixing and the LHC dilepton searches are considered. We find that in the allowed parameter space this U (1) ′ gauge interaction can accommodate the R K and R K * anomalies and weaken considerably the Z ′ mass limits while remaining perturbative up to the Planck scale.
I. INTRODUCTION
Supersymmetry (SUSY) remains one of the most compelling frameworks for physics beyond the Standard Model (SM), which can solve the naturalness problem and provide a natural dark matter candidate. The simplest supersymmetric model is the Minimal Supersymmetric Standard Model (MSSM) that contains all the SM particles and their superpartners. However, the MSSM suffers from the little hierarchy problem (the Higgs boson has a mass of 125 GeV [1, 2] , indicating significant loop corrections within MSSM), and the µ-problem. The µ-term parametrizes the coupling between the Higgs bosons at tree-level, and as such, it must be O(1 TeV) or less. But it is unclear why this is so, since in principle it can be of O(M Pl ) as it does not break SUSY and SM symmetries.
Unfortunately, at present analyses of phenomena at the LHC have yet to yield unambiguous signals of new physics. Perhaps most tantalizing, there are several interesting excesses in B physics measurements as compared to SM measurements, of which the theoretically cleanest is that of
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from the LHCb experiment [3, 4] , which deviate from the SM predictions by 2.6 σ and 2.4-2.5 σ, respectively. A combined global fits show the deviation from SM could reach 4σ [5] [6] [7] [8] [9] [10] . These deviations cannot be explained in the MSSM, and may hint that the MSSM symmetry should be extended.
In this work, we consider a non-universal U(1) ′ gauge extension to the MSSM, with familydependent couplings to quarks and leptons. Such an U(1) ′ could emerge in GUT, superstring constructions or dynamical electroweak breaking theories. We adopt a bottom-up approach and take this U(1) ′ extended supersymmetric model as a simple extension of MSSM, allowing more flexibility in model parameters.
Note that an important issue for all such U(1) ′ models is the cancellation of gauge anomalies.
We find an elegant way to achieve this without introducing additional exotics while consistent with the reported B decay anomalies. An important feature is that the family-dependence of U(1) ′ disallows some Yukawa couplings in the superpotential, leading to massless fermions. The fermion masses, however, can also be induced at loop level via non-holomorphic operators in the soft sector as in [11] . These non-holomorphic terms can be generated through gravity in mSGURA [12] , or through gauge mediation in GMSB [13] via bilinear or trilinear non-holomorphic terms. Since the bilinear non-holomorphic terms [14] give additional contributions to higgsino mass and may impact the search of natural SUSY at the LHC, in this work we consider the trilinear non-holomorphic terms [15, 16] . Furthermore, an extra singlet chiral field is needed to break the U(1) ′ symmetry, which can simultaneously generate the µ-term and hence solve the µ-problem. Finally, due to the contributions of the additional scalar to the Higgs mass, the fine-tuning is also alleviated in this model.
This work is organized as following. In Sec. II we introduce a non-universal and gauge anomalyfree U(1) ′ extention of the MSSM. In Sec. III we investigate the allowed parameter space to explain the B decay anomalies and discuss the relevant experimental constraints on this model. Finally, we draw our conclusions in Sec. IV.
The process of B decay can be described by the effective Hamiltonian:
with
The SM predicts C 9 ∼ −C 10 ∼ 4. First, to evade the bounds on the Z ′ mass from LHC dilepton search, one possibility is that the U(1) ′ would have very weak couplings with the first two generations of quarks. As the minimal set up, we require that the U(1) ′ only couple to the third generation quarks. Even so, there are a lot of possibilities for such an anomaly-free U(1) extension, such as (B − L) 3 [17, 18] and
Second, the U(1) ′ should couple to both lepton and quark sectors, which excludes the possibility
is also anomaly free and is sufficient to satisfy the previous requirements. In particular, we focus on
where the muon coupling is present without affecting the electron sector. For the Yukawa structure of the models, we will show that the combination of (a, b) is unique, up to a global factor.
As 
which means that
The charge of Q H d seems to contradict the assumption of the model a(
Noticing that H d has the same SM quantum charges as L 3 , we can exchange
causing additional anomaly problems if a/3 = −a − b is satisfied, and thus we derive the unique
At the same time, we can also exchange S ↔ ν 
With the spontaneous symmetry breaking of U(1) ′ (S developing a non-zero VEV ), not only the
′ is broken, but also the µ-term is generated dynamically.
In the following, we take a = 3/2 and summarize U(1) ′ charge of matter chiral superfields in Table I . After requiring R-parity conservation, the most general superpotential is given by
where i, j = 1, 2 and the last term induces an effective µ parameter λ s v s / √ 2 when the singlet Higgs
, providing a dynamical solution to the µ problem.
The family dependence of the U(1) ′ invariance necessarily forbids certain Yukawa couplings in the superpotential, rendering to some fermions massless. The requisite fermion masses, however, can be induced at loop level via non-holomorphic operators in the soft sector. This means that, in 1 We also assume the right-handed neutrino takes the same charge as the corresponding lepton, which is a little different from the original L µ − L τ symmetry. 
addition to the above terms, the Lagrangian must contain some non-holomorphic SUSY breaking terms:
Feynman diagram of fermion mass generation from non-holomorphic terms, where
Now the down-type quarks, for instance, can obtain finite masses via triangular diagrams shown in Fig.1 with D L , D c R and a neutral gaugino λ in the loops, whose magnitude is proportional to C D . This radiative mechanism for generating fermion masses is generic, with the coupling to the 'wrong' Higgs doublet in (8) being essential for giving mass to fermions. The origin of nonholomorphic 'soft' terms can be induced from supergravity mediated supersymmetry breaking [12] . Therefore, the graphs in Fig.1 induce fermion mass matrix elements at one-loop level. For m f ≪ mf , m λ , the one-loop contribution to fermion mass is given by [11] 
where
with Y f being the U(1) hypercharge, g E and Q f being the U(1) ′ gauge coupling and charge for fermion f . TheZ ′ , bino and wino components of the j-th neutralino are expressed in terms of the diagonalizing neutralino mass matrix N as N jB ′ , N jB and N jW , respectively. We denote the loop induced fermion (f ) mass matrix elements with κ 
are obtained from the nonholomorphic one-loop corrections. Note that there is a texture structure in the mass matrix, and the 0-terms cannot be derived from either the Yukawa terms or from the non-holomorphic terms.
Similarly, one can also write down the mass matrix in the lepton sector. After diagonalizing the quark mass matrices, we derive the correct quark masses
where 
Then we can obtain
,R can also be fixed at the same time.
Since H d is charged under the U (1) ′ group, after symmetry breaking it will induce Z − Z 
where g E is the coupling of the U(1) ′ gauge group, and we neglect Z − Z ′ kinetic mixing [23] . The mass matrix can be diagonalized by matrix V to obtain mass eigenstates (γ, Z, Z ′ ) :
tan 2θ
where θ is the SM weak angle and
where m
v 2 at tree level. We find for a moderate tan β and TeV scale Z ′ mass, θ ′ is sufficiently small, so we ignore the mixing term in the following discussion. Then the fermions couple to Z ′ through the current
with Q f denoting the fermion U(1) ′ charge.
III. RESOLVING B DECAY ANOMALIES
The coefficients of C 
yielding
The allowed range of the Wilson coefficient is C 
The global fit of B s −B s mass mixing together with the CKM fit give an upper bound Since Z ′ couples only to the third generation quarks directly, its production rate is suppressed by parton distribution functions at the LHC. However, the branching ratio Br(
We use MadGraph5 aMC@NLO [27] to calculate the production cross section. It can been seen from Fig.2 that the LHC dilepton searches can cover m Z ′ < 2.5 TeV for g E ∼ 0.3. This is a sizable reduction in the expected mass of the Z ′ from the ATLAS expectation, assuming U(1) ′ gauge extensions with universal couplings [28] ,
We explore next the allowed values for the U(1) ′ gauge coupling g E . If the coupling g E is too large at the renormalization scale, it will encounter the Landau pole and blow up at some higher energy scale. The one loop beta function of U(1) ′ gauge coupling is given by
If the Landau pole occurs at scale Λ, expected to be Λ = 1.2 × 10 19 GeV (Planck Mass), then
with µ = m ′ Z . This means that the U(1) ′ gauge coupling remains perturbative up to the Planck mass scale if g E < g E (µ).
Before ending this section, we would like to make some comments: (ii) The Z ′ contribution to (g − 2) µ is very small. Despite the fact that Z ′ couples strongly to muons, its mass is still relatively heavy, M Z ′ ∼ 2.5 TeV. Nonetheless, (g − 2) µ can receive sizable contributions from the supersymmetric sector of the model, especially smuon or chargino loop corrections as in the MSSM [30] .
(ii) The extra singlino and gaugino may affect the components of the LSP (DM candidate).
However, the VEV of S provides a mass term ∼ M Z ′ around TeV scale, and therefore the dark matter sector of this U(1) ′ with non-universal couplings is not essentially changed from the MSSM. 
